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Method to search for male antif ertility drugs based on PHGPx 
15 activity determination 

The invention relates to a method to search for male antifer- 
tility drugs based on activity determination of phospholipid 
hydroperoxide glutathione peroxidase (PHGPx) derived from hu- 
20 man tissue or human cells or from related mammalian species. 

Selenium is essential for male fertility. In mature mammalian 
spermatozoa it is largely restricted to the midpiece harbou- 
ring the helix of mitochondria embedded into a keratine-like 

25 selenium-enriched matrix called the mitochondrial capsule. 
Selenium deficiency is associated with impaired sperm motili- 
ty, structural alterations of the midpiece up to breakages , 
and loss of flagellum. The predominant selenoprotein of the 
mammalian male reproductive system, phospholipid hydroperoxi- 

30 de glutathione peroxidase (PHGPx), was shown to be preferen- 
tially expressed in round spermatids but was hardly detec- 
table in terms of messenger. RNA or activity in spermatozoa. 
The inventors discovered that PHGPx persists in spermatozoa 
but as insoluble, enzymatically inactive material forming the 

35 mitochondrial capsule. PHGPx activity of this material can be 
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restored by high concentrations of thiols. PHGPx, thus, acts 
as a peroxidase in the proliferating germ epithelium to pre- 
vent oxidative damage. In the late stages of sperm maturation 
it is oxidatively cross-linked to become a structural element 
5 indispensible for sperm function. Based on this discovery the 
invention teaches to screen for specific inhibitors of PHGPx 
by activity measurements and to use such inhibitors for male 
fertility control. 

10 The invention thus in accordance with claim 1 provides a me- 
thod for screening for inhibitors of phospholipid hydro- 
peroxide glutathione peroxidase (PHGPx) derived from human 
tissue or human cells comprising the steps of 

a) determining the enzymatic activity of said PHGPx in the 
15 absence and presence, respectively, of at least one potential 

inhibitor, 

b) selecting at least one inhibitor which specifically 
blocks PHGPx activity and subjecting said inhibitor (s) to a 
screening for pharmaceutical acceptance and 

20 c) selecting a pharmaceutically acceptable inhibitor which, 
by specifically blocking PHGPx, reversibly suppresses male 
fertility. 

In a further aspect the invention relates to a pharmaceuti- 
25 cally acceptable inhibitor of PHGPx from human tissue ob- 
tainable by the inventive method and useful for male fertili- 
ty control. 

In yet another aspect the invention relates to a pharmaceuti- 
30 cal composition comprising at least one such, inhibitor of 
PHGPx from human tissue and at least one pharmaceutically ac- 
ceptable carrier and/or diluent or no such carrier/diluent. 
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In still another aspect the invention relates to the use of 
such inhibitor of PHGPx or of such pharmaceutical composition 
comprising such inhibitor of PHGPx in a method f or . reversibly 
5 blocking male fertility. 

Further advantageous and/or preferred embodiments of the in- 
vention are subject-matter of the subclaims. 

10 Thus, the tissue or cells the PHGPx for screening is obtained 
from may be derived from life stock or any related mammalian 
species. 

Further, the PHGPx may be produced by genetic engineering. 

In addition, the potential inhibitors may have been tailored 
by computer designing and/or produced by a chemical process 
of production. 

20 In the following the invention is disclosed in more detail 
with reference to examples and to drawings. However, the de- 
scribed specific forms or preferred embodiments are to be 
considered in all respects as illustrative and not restric- 
tive, the scope of the invention being indicated by the ap- 

25 pended claims rather than by the following description, and 
all changes which come within the meaning and range of 
equivalency of the claims are therefore intended to be em- 
braced therein. 

30 Regarding the cited literature a reference list with more de- 
tailed bibliographic information can be found at the end of 
this specification. 
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Routine preparations of rat sperm mitochondrial capsules (1) 
yielded a fraction which was insoluble in 1% SDS and 0.2 mM 
DTT and displayed, expected vesicular appearance in electron 
5 microscopy (Fig. 1 a). The vesicles readily disintegrated 
upon exposure to 0.1 M mercaptoethanol (Fig. 1 b) and became 
fully soluble in 6 M guanidine-HCL . When the solubilized cap- 
sule material was subjected to gel electrophoresis essential- 
ly four bands in the 20 kDa region were detected (Fig. 1 c, 

10 left lane) . Western blotting revealed that the most prominent 
one reacted with antibodies directed against PHGPx (Fig. 1 c, 
right lane) which is undetectable as active peroxidase in ma- 
ture spermatozoa (Tab. 1) . Also, N-terminal sequencing of the 
21 kDa band representing about 46% of total protein content 

15 according to Coomassie stain revealed that it consisted of at 
least 95% pure PHGPx. Puzzled by this unexpected finding, we 
investigated the composition of the mitochondrial capsules in 
more detail by 2D-electrophoresis (Fig. 2 a) followed by 
microsequencing and/or MALDI-TOF for identification (Fig. 2 

20 b) . For this purpose the capsules were dissolved completely 
in a buffer designed for electrophoretic separation of mem- 
brane proteins (see Methods) . The spot migrating with an ap- 
parent molecular weight of about 21 kDa and focussing at a pH 
near 8 (spot 3) proved to be PHGPx according to the masses of 

25 tryptic peptides detected by MALDI-TOF (Fig. 2b). By the sa- . 
me technique, also the slightly more . acidic charge isomer 
(spot 4), the more basic ones (spots 1, 2 and 5) as well as 
the spots 6 and 7 exhibiting a smaller apparent molecular 
mass were shown to contain PHGPx (Fig. 2 c) . The predicted N- 

30 terminal (pos. 3-12) and C-terminal peptides (pos. 165-170), 
the fragment corresponding to positions 100-105 and those ex- 
pected from the basic sequence part 119-151 were too small to 
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be reliably identified. Interestingly, the fragment corre- 
sponding to positions 34-48 comprising the active site se- 
lenocysteine was not detected either. With these exceptions, 
however, the MALDI-TOF spectra unequivocally complied with 
5 the PHGPx sequence and thus proved the presence of PHGPx in 
spots 1-7. On a thicker 2D-gel developed with a- non-linear 
gradient from pH 3-10 also five distinct spots were detected 
in the 20 kDa region. In this experiments the presence of 
PHGPx was verified by microsequencing of major tryptic pepti- 
10 des (not shown) . Again the spots representing PHGPx were the 
most prominent ones present in the gel. 

The spots 1-6 of Fig. 2 a proved to be essentially homogene- 
ous. As is exemplified in Fig. 2 b, the fragments yielding 

15 MALDI-TOF signals of significant intensities could be attri- 
buted to PHGPx. Only in the minor spot . 7 a trace of impurity 
was detected, which was tentatively identified as a subunit 
of the T cell receptor variable region (acc. no. 228109). Ba- 
sed on integrated stain intensities of the individual spots 

20 those representing PHGPx amounted to about 50% of the capsule 
material. Most of the minor components (see Fig. 2 a) are not 
likely constituents of the capsule, which is believed to be 
built up by apposition of extramitochondrial proteins onto 
the outer mitochondrial membrane. In other gels further pro- 

25 teins like the mitochondrial glutathione S-transf erase subu- 
nit Yb-2 (acc. no. 121719) and an endothelin converting enzy- 
me (acc. no. 1706564) could be identified by MALDI-TOF- or 
micro-sequencing (not shown) . Spots 8 and 9 were identified 
as the "outer dense fiber protein", a cystine-rich structural 

30 sperm protein, which is associated with the helix of mito- 
chondria in the sperm midpiece but also extends into the fla- 
gellum (7) . In view of the nature of the additional proteins 



detected, the PHGPx content of the actual mitochondrial cap- 
sule should substantially exceed the 50% observed by gel 
scanning. 

5 Despite intense search, we could not detect any trace of the 
"sperm mitochondria-associated cysteine-rich protein ("SMCP") 
(7) in our capsule preparation. This cysteine- and proli- 
ne-rich protein had for long been considered the selenopro- 
tein accounting for the selenium content of the mitochondrial 

10 capsule in sperm (1, 8 , 9) . Cloning of the rat SMCP gene, howe- 
ver, revealed that it did not contain any in-frame TGA codon 
enabling selenocysteine incorporation (10) . In mice, the 
three in-frame TGA codons proved to be upstream of the trans- 
lation start (7) . In developing mouse sperm. SMCP stayed cyto- 

15 solic up to states in which the . mitochondrial capsule was al- 
ready formed and only became superficially associated with 
the outer mitochondrial membranes of late spermatids and epi- 
didymal spermatozoa (7) . SMCP thus is not necessarily an in- 
tegral part of the mitochondrial capsule nor it is a seleno- 

20 protein. Instead, the "mitochondrial capsule selenoprotein 
(MCS)", as SMCP was originally referred to (1,7-10), is in- 
deed PHGPx. 

The chemical modifications of PHGPx leading to distinct dif- 
25 ferences in charge and apparent MW could not be reliably elu- 
cidated. Sequencing revealed an identical N-terminus of the 
size isomers starting with ASRDDWRCAR, i.e. a sequence either 
corresponging to the originally proposed translation start 
(11) after cleavage of the first two residues or derived from 
30 a possible pre-PHGPx (12) after processing of a mitochondrial 
leader peptide (13) . Tryptic fragments extending towards the 
C-terminus up to position 164 were consistently observed al- 
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so with the faster migrating specimen (Fig. 2 c) which leaves 
little room to explain an apparent MW difference of 1 to 1.5 
kDa. As to the charge isomers, it may be recalled that a po- 
tential phophorylation had been inferred from early attempts 
5 to sequence pig heart PHGPx (14). The assignment of masses to 
possibly phosphorylated tryptic peptides, however, remained 
equivocal. Certainly, more trivial events such as deamina- 
tions of Gin and Asn residues, C-terminal degradation, oxida- 
tion of the active site selenium, or its elimination might 
10 have contributed to the charge heterogeneity. 

PHGPx as the major component of the sperm mitochondrial cap- 
sule had so far escaped attention, since as such it is enzy- 
matically inactive, as it generally is in mature spermatozoa 

15 prepared from the tail of the epididymis (Tab. 1) . It is 
neither reactivated by glutathione in the low millimolar ran- 
ge as used under conventional test conditions. High concen- 
trations of thiols (0.1 M 2-mercaptoethanol or dithiothrei- 
tol) , which in the presence of guanidine fully dissolve the 

20 capsule, regenerate a significant PHGPx activity, as measured 
after elimination of denaturating and reducing agents (Tab. 1 
. ) . In fact, the specific activities thus obtained from mito- 
chondrial capsules exceed, by a factor of 20, the highest 
values ever measured, i.e. in spermatogenic cells. Neverthe- 

25 less, this extreme PHGPx activity is still low compared to 
its content in PHGPx protein. Based on the specific activity 
of pure PHGPx, the reactivated enzyme would be equivalent to 
less than 3% of the capsule protein, whereas the 2D- 
electrophoresis suggests a PHGPx protein content of at least 

30 50%. It is worth noting that the same reductive procedure 
does not increase the specific activity of PHGPx in spermato- 
genic cells from testicular tubules (Tab. 1) . The switch of 
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PHGPx from a soluble active enzyme to an enzymatically inac- 
tive structural protein thus occurs during final differentia- 
tion of spermatozoa. 

5 The alternate roles of PHGPx, . being either a glutathione- 
dependent hydroperoxide reductase or a structural protein, 
are not necessarily unrelated* One of the features common to 
all glutathione peroxidases is a selenocysteine residue which 
together with a tryptophan and a glutamine residue forms a 

10 catalytic triad (15,16). Therein the selenol group of the se- 
lenocysteine residue is dissociated and highly activated by 
hydrogen bonding to reduce hydroperoxides with high rate con- 
stants. The reaction product, a selenenic acid derivative, 
R-SeOH, will readily react with thiols, e.g. GSH, to form an 

15 intermediate with a selenadisulf ide bridge between enzyme and 
substrate, R-Se-S-G, from which the ground state enzyme can 
be regenerated by a second GSH. PHGPx is unique among the 
glutathione peroxidases in several respects: i) It usually is 
monomeric having its active site freely accessible at the 

20 surface; this facilitates interaction with bulky substrates, 
ii) Arginine residues surrounding the active site and speci- 
fically binding glutathione in most types of glutathione per- 
oxidases are lacking in PHGPx (16); correspondingly, its spe- 
cificity for the reducing substrate is less pronounced (16). 

25 It therefore can be envisaged that oxidized PHGPx may form 
diselenide or selenadisulf ide bridges with exposed SeH or SH 
groups of proteins (16) including PHGPx itself, and this 
process, possibly followed by SH/SS, SH/SeS, or SH/SeSe ex- 
change reactions, will create cross-linked protein aggrega- 

30 tes. This ability of PHGPx might become particularly im- 
portant if cells are exposed to hydroperoxides at extremely 
low concentration of glutathione, as is documented for late 
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states of spermatogenesis (17-20) . Fig. 3 is to mimick the 
oxidative events occurring during sperm maturation. Short 
term exposure of soluble proteins derived from spermatogenic 
cells to moderate H 2 0 2 concentrations in the absence of GSH 
5 yields a variety of PHGPx-containing high molecular weight 
aggregates. Undoubtedly, therefore, PHGPx, by means of its 
intrinsic enzymatic potential, can catalyse oxidative protein 
aggregation using protein thiols as alternate substrates. Du- 
ring sperm maturation, PHGPx thereby transforms itself into 
10 an enzymatically inactivated structural protein. This view, 
however, is not to imply that PHGPx could not depend on addi- 
tional proteins when building up the highly organized archi- 
tecture of the spermatozoal midpiece. 

15 Our findings require a fundamental reconsideration of the ro- 
le of selenium in male fertilty. The intriguing predominance 
of the selenoprotein PHGPx in the male reproductive system 
has so far been believed to reflect the necessity to shield 
germ line cells from oxidative damage by hydroperoxides and 

20 reactive oxygen species derived therefrom (11,17,21,22). This 
concept still merits attention with regard to the mutagenic 
potential of hydroperoxides and probably holds true for the 
early phases of spermatogenesis where PHGPx is still present 
as an active peroxidase (6,21). At this stage related activi- 

25 ties reported for PHGPx or other glutathione peroxidases , 
e.g. silencing lipoxygenases (23), dampening the activation 
of NFKB (24) or inhibiting apoptosis (25), may also be rele- 
vant. In later stages of spermatogenesis characterized by a 
shift of the redox status resulting in loss of GSH (18- 

30 20,26), the ability of PHGPx to use protein thiols as alter- 
nate substrates opens up new perspectives of redox regulation 
which remain to be explored. In the mature spermatozoon PHGPx 
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has experienced a pronounced metamorphosis now being a major 
constituent of the keratinuous material embedding the mito- 
chondrial helix. It appears revealing that precisely this ar- 
chitectural pecularity in the midpiece of spermatozoa shows 
5 gross structural alterations in selenium deficiency. We the- 
refore assume that the mechanical instability of the midpiece 
observed in selenium deficiency is a consequence of an impai- 
red PHGPx biosynthesis. This view implies that it is not the 
antioxidant capacity of PHGPx which is crucial for male fer- 
10 tility but its ability to utilize hydroperoxides to build an 
indispensable structural element of the spermatozoon. 

Any shortage of PHGPx during sperm maturation, be it due to 
selenium deficiency, other reasons of inhibited biosynthesis 

15 or inhibition of activity should therefore result in distur- 
bed sperm midpiece architecture and, in consequence, loss of 
fertilization potential of sperm. This conclusion was further 
corroborated by determination of reactivated PHGPx in sperm 
of individuals with documented fertility problems. The latter 

20 were divided into three groups: depending on whether i) in- 
trauterine sperm injection (iui) or ii) conventional in- 
vitro-f ertilisation (ivt-et) was still successful or iii) 
intracytoplasmatic sperm injection was required (icsi) . As 
shown in Fig 4, the PHGPx values differed markedly between 

25 these groups. While the iui group displayed values close to 
normal, PHGPx in the icsi group was almost absent, the ivf-et 
group ranking in between. The reasons of the diverse PHGPx 
content being unknown, the data reveal that markedly reduced 
PHGPx content in sperm is incompatible with normal male fer- 

30 tility. Similarly, there is a strong correlation between "ty- 
pical" sperm appearance (Fig 5) and "fast" moving sperm with 
. PHGPx content (Fig 6) . This correlation, however, shows mar- 
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ked scattering of data indicating that PHGPx content of sperm 
is not the only reason of abnormal shape and motillity of 
sperm. It should also be pointed out that the sperm samples 
were taken from individuals without any obvious disease sug- 
5 gesting that extremely reduced PHGPx levels are well tolera- 
ted. 

Taken together, the observations that PHGPx builds up an ess- 
sential structure of sperm, that PHGPx content of sperm cor- 

10 . relates with the fertilization potential and that severe 
PHGPx deficiency does not cause any systemic health problems 
lead to the inventive concept to use PHGPx as a molecular 
target enzyme for screening of specific inhibitors which 
should reversibly block the fertilization potential of sperm. 

15 To this end it appears irrelevant whether reactivated PHGPx 
of sperm or any other tissue is used, since the characteri- 
stics of the enzyme do not differ between tissues. With re- 
spect to the high degree of PHGPx sequence conservation also 
heterologous PHGPx may successfully be used for a preliminary 

20 screen of potential inhibitors of the human enzyme. The se- 
arch for such inhibitors can be performed with any of the 
known assays for activity determination of glutathione pero- 
xidases (29) or modifications thereof, which may be adapted 
to high-throughput screening procedures (30, 31) . 
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Methods 

Preparation of rat spermatozoa, tubular cells and mitochon- 
drial capsule 

5 Spermatozoa of four month old Wistar rats (about 300 grams of 
body weight) were collected by squeezing cauda epididymis and 
vas deferens in phosphate buffer saline (PBS) and by centri- 
fugating at 600 x g for 10 minutes. Cell and sperm pellets 
were layered on a discontinous 45%, 70% and 95% Percoll gra- 

10 dient and centrif ugated at 300 x g.for 20 min. Spermatogenic 
cells stacked on top of the gradient, while spermatozoa sepa- 
rated into the 70% Percoll layer. Cells from seminiferous 
epithelium were prepared as follows (26) : testes were de- 
prived of aijbuginea, seminiferous tubules were cut into small 

15 pieces in PBS containing 0.250 mg/ml collagenase, and incuba- 
ted twice 25 °C for 15 min. Cells then were filtered through 
a stainless steel screen (140 pm pore) , washed in PBS and 
centrif ugated at 300 x g for 10 min. Sperm mitochondrial cap- 
sule was prepared according to Calvin et al.(l): sperms were 

20 resuspended in 0.05 M Tris - HC1 pH 8.0 at the concentration 

of 10 6 cells/ml and treated with trypsin (0.2 mg/ml) for 10 
minutes. After stopping the protease action with trypsin in- 
hibitor (0.5 mg/ml) and SDS (10 mg/ml) sperms were centrifu- 
gated at 1,500 x g for 10 minutes. Pellets were resuspended 

25 in 0.05 M Tris - HC1, pH 8.5 containing 1% sodium dodecyl 
sulphate (SDS), and 0.2 mM DTT and kept under continuous 
stirring for 30 minutes. Following centrif ugation at 4,500 x 
g for 15 min, the resulting supernatant was layered on a 1.6 
M sucrose cushion. After centrif ugation for 20 min at 18,000 

30 x g in a swinging rotor, sperm capsules were collected as a 
band at the top of the sucrose cushion, washed in Tris - HC1, 
pH 8.0 and spun at 140,000 x g. 
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lD-electrophoresis and Western blotting 

Electrophoresis was performed according to Laemmli under eit- 
her reducing ( + 2- mercaptoethanol ) or non-reducing conditi- 
5 ons. Proteins were blotted onto nitrocellulose, probed with 
an antigen-purified rabbit antibody raised against pig heart 
PHGPx and detected by biotinylated anti rabbit IgG and strep- 
toavidin alkaline phosphatase complex. 

10 2D-electrophoresis 

lOOpg of the mitochondrial capsule material was dissolved in 
400 pi of a solution containing of 7 M urea, 2 M thiourea, 4% 
CHAPS, 40 mM DTT, 20 mM Tris base and 0.5% IPG buffer (Phar- 
macia) and focused in an IPG-phor (Pharmacia) at 20°C by 

15 stepwise increasing voltage up to 5000 V but not exceeding a 
current of 30 pA per IPG strip. The pH gradient was non- 
linear from 3-10 or linear from 3-10 or 6-11. The focussed 
IPG strips were then equilibrated for SDS electrophoresis (10 
min each ) with a solution containing 60 mM DTT in 6 M urea, 

20 30% glycerol, 0.05 M Tris-HCl buffer pH 8.8 and in the same 
buffer where DTT was substituted by 250 mM iodoacetamide . Af- 
ter SDS-electrophoresis (12% polyacrylamide) the gels were 
stained with Coomassie. 

25 Protein identification 

Coomassie-stained spots were cut out from the gels, neutrali- 
zed with (NH 4 )HC0 3 , destained with 400 pi 50% acetonitrile/10 
mM (NH 4 )HC0 3 and dried in a Speed Vac Concentrator. Protein 
digestion was done overnight using 2 ng/pl sequencing grade 

30 trypsin (Promega) in 50 mM (NH 4 )HC0 3 (Boehringer, Mannheim). 
The resulting peptides were extracted twice with 60% acetoni- 
trile / 40% H 2 0 / 0.1% TFA. Extracts were combined and lyo- 
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philized in the Speed Vac Concentrator. Peptide digests were 
desalted on small RP18-columns , eluted with saturated 
a-hydroxy-4-cyano-cinnamic acid and loaded directly onto the 
MALDI target (27) . Reflectron MALDI mass spectra were recor- 
ded on a Reflex™ MALDI /TOF-mass spectrometer (Bruker- 
Franzen-Analytik, Bremen) . The ions were excellerated at 20 
kV and reflected at 21,3 kV. Spectra were externally calibra- 
ted using the monoisotopic MH + ion from two peptide stan- 
dards, 100-200 laser shots were summed' up for a single mass 
spectrum. Mass identif cation was performed with MS-Fit 
(http: //falcon. ludwig.ucl . ac.uk/ucsfhtml/msfit.htm) . 

Alternatively , protein spots from 1.5 mm 2D-gels were dige- 
sted with modified trypsin (Promega, sequencing grade) in 25 
mM (NH 4 )HC0 3 overnight at 37 °C. The digests were extracted 
twice and dried as before and reconstituted in 10yl water. 
Peptides were separated on a reversed-phase capillary column 
(0.5 mm x 150 mm) with a gradient of acetonitrile in 0.1% 
formic acid / 4 mM ammonium acetate at a flow rate of 5pl/min 
and collected manually. Aliquots of 5 pi were spotted onto 
Biobrene-treated glass fiber filters and sequenced on an 
Applied Biosystems 494A sequencer with standard pulsed-liquid 
cycles. Before N-terminal sequencing, proteins were blotted 
from polyacrylamide gels onto PVDF membranes for 16 h at pH 
8.3 (25 mM Tris-HCl, 192 mM glycine) and 100 mA (30 V). 

When applicable, PHGPx was also identified by activity measu- 
rement according to (28) using the specific substrate phos- 
phatidylcholine hydroperoxide . 
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Figure 1 shows the presence of PHGPx in the mitochondrial 
capsule of spermatozoa. 

a, Mitochondrial capsule prepared by trypsination and centri- 
5 fugation according to (1) at 80,000 fold magnification, b, 
The same preparation as shown in a, but after exposure to 0.1 
M 2-mercaptoethanol for 15 min at 4°C. Contamination of the 
capsule material by mitochondria is evident from the presence 
of mitochondrial ghosts, c, SDS gel electrophoresis of pro- 
10 teins extracted from capsule material (see Methods) by treat- 
ment with 0.1 M 2-mercaptoethanol, 0.1 M Tris-HCl, pH 7.5, 
.and 8 M guanidine HC1. Left lane is stained with Coomassie, 
right lane demonstrates presence of PHGPx by Western blot- 
ting. 

15 

Figure 2 shows the analysis of the composition of the mito- 
chondrial capsule of spermatozoa 

a, 2D-electrophoresis of purified dissolved capsule material. 
Proteins were focused in a linear pH-gradient from 3 to 10 

20 (horizontal direction) , then reduced, amidocarboxymethylated, 
subjected to SDS-electrophoresis , and stained with Coomassie. 
MALDI-TOF analysis of the visible spots identified the follo- 
wing proteins (SwissProt data base) : spot 1-7 PHGPx (MW 19 
443; pi 8.27; acc. no. 544434); spots 8 and 9, outer dense 

25 fiber protein (MW 27351; pi 8.36; acc. no. P21769) ; spots 10 
and 11, voltage-dependent anion channel-like protein (MW 
31720; pi 7.44; acc. no. 540011); spot 12, "stress-activated 
protein kinase" (MW 48107; pi 5.65; acc. no. 493207); spot 
13, glycerol-3-phosphate dehydrogenase (MW 76479; pi 5.86; 

30 acc. no. P35571) . 

b, MALDI-TOF spectrum (overview) of tryptic peptides obtained 
from PHGPx as found in spot 3. Abscissa, mass/charge ratio 
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of the peptide fragments; ordinate, arbitrary units of inten- 
sity; numbers at mass signals, identified peptides in the 
PHGPx sequence (see insert for position numbers) ; T, trypsin- 
derived fragments . 
5 c, Compilation of tryptic PHGPx fragments identified in spots 
1-7 by MALDI-TOF. Vertical lines designate potential tryptic 
cleavage sites. Dark blocks, identified typical cleavage pro- 
ducts; shadowed blocks, masses resulting from incomplete 
cleavage or equivocally assignable to different fragments 
10 (e.g. 3-9 and 63-69). 

Figure 3 shows the formation of PHGPx-containing aggregates 
from spermatogenetic cells by H 2 0 2 in the absence of GSH. 
Spermatogenic cells were homogenised in 0.1 M Tris-HCl, 6 M 

15 guanidine-HCl, 0.5 ug/ml pepstatin A, 0.7 pg/ml leupeptin and 
5mM 2-mercaptoethanol at pH 7.5 and 4°C. After centrif ugation 
at 105,000 x g for 30 min, excess reagents were removed by 
gel permeation using NAP 5 columns equilibrated with lOmM 
Tris-HCl, 0.15 M NaCl, ImM EDTA and 0.1% Triton X-100, pH 

20 7. 5. Immediately (t 0) and 15 min after (t 15) the addition 
of 75 pM H 2 0 2 aliquots of the mixture (0.05 mg of protein) 
were withdrawn and subjected to electrophoresis under (a) re- 
ducing and (b) non reducing conditions. After blotting on ni- 
trocellulose, PHGPx was detected by specific antibodies. ' v 

25 

Figure 4 shows the PHGPx specific activity in extracts (0.1% 
Triton X-100 and 0.1 M 2-mercaptoethanol of human sperm. Cor- 
relation between this parameter and therapeutic appproach in 
cases of couple infertility. 
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Figure 5 shows the relationship between PHGPx specific acti- 
vity and number of "typical" sperms per milliliter of semen. 
"Typical" is a morphological parameter of sperm evaluation. 

5 Figure 6 shows the relationship between PHGPx specific acti- 
vity and number of "fast" sperms per milliliter of semen. 
"Fast" is a parameter of sperm mobility. 

Table 1 shows PHGPx activity in spermatogenic cells, sperma- 
10 tozoa and sperm capsule. Effect of thiols. 

Preparation mU/mg protein a ' b 

Cells from seminiferous tubules 
15 5 mM 2-mercaptoethanol c 250 ± 10 

100 mM 2-mercaptoethanol c 260 ± 10 

Spermatozoa from tail of epididymis 

5 mM 2-mercaptoethanol c undetectable 

100 mM 2-mercaptoethanol c 3,140 ± 200 
20 Mitochondrial capsule 

5 mM 2-mercaptoethanol c undetectable 

100 mM 2-mercaptoethanol c 5,600 ± 290 

a One enzyme mU catalyzes the reduction of one nanomole of 
25 phosphatidylcholine hydroperoxide per minute at 37 °C in the 
presence of 3 mM GSH. 

b Data are the mean and S. D. of five independent measure- 



30 



ments. 

c Solubilisation / reduction was carried out in 0.1 M Tris- 
HC1, 6 M guanidine-HCl, 0.5 pg/ ml pepstatin A, 0.7 pg/ml 
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leupeptin and 2-mercaptoethanol as indicated at pH 7.5 and 
°C for 10 min Low molecular weight compounds were removed be 
fore activity determination by a NAP 5 cartridge. 
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